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ABSTRACT
The Large Observatory for X-ray Timing (LOFT) is one of the four candidate ESA M3 missions considered for
launch in the timeframe of 2022. It is specifically designed to perform fast X-ray timing and probe the status of
the matter near black holes and neutron stars. The LOFT scientific payload consists of a Large Area Detector
and a Wide Field Monitor.
The LAD is a 10m2-class pointed instrument with high spectral (200 eV @ 6 keV) and timing (< 10µs)
resolution over the 2-80 keV range. It is designed to observe persistent and transient X-ray sources with a very
large dynamic range from a few mCrab up to an intensity of 15 Crab.
An unprecedented large throughput (∼280.000 cts/s from the Crab) is achieved with a segmented detector,
making pile-up and dead-time, often worrying or limiting focused experiments, secondary issues.
We present the on-board data handling concept that follows the highly segmented and hierarchical structure
of the instrument from the front-end electronics to the on-board software. The system features customizable
observation modes ranging from event-by-event data for sources below 0.5 Crab to individually adjustable time
resolved spectra for the brighter sources. On-board lossless data compression will be applied before transmitting
the data to ground.
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1. INTRODUCTION
High-time-resolution X-ray observations of compact objects provide direct access to strong-field gravity, black
hole masses and spins, and the equation of state of ultradense matter. A large instrument in combination with
good spectral resolution is required to exploit the relevant diagnostics and answer the two fundamental questions
of ESAs Cosmic Vision Theme ”Matter under extreme conditions”: What is the fundamental equation of state
(EOS) of a compact object? Does matter orbiting close to the event horizon follow the predictions of general
relativity?
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1.1 Scientific Goals
Understanding the properties of ultradense matter and determining its EOS is one of the most challenging
problems in contemporary physics. A very soft EOS gives a maximum neutron star mass in the 1.4-1.5 solar
mass (M⊙) range, whereas a ’stiff’ EOS can give a neutron star mass of up to 2.4 -2.5 M⊙ before a collapse
to a black hole becomes unavoidable. Apart from maximum mass, the relation between the neutron star mass
and radius (MNS-RNS) is a powerful probe of the EOS. In ∼25 neutron stars, spins are now observed in
burst oscillations and/or coherent pulsations at frequencies of up to 620 Hz, proving that millisecond spins and
dynamically relevant magnetic fields are common among neutron stars in low-mass X-ray binaries. LOFT will
measure the masses and radii of accreting millisecond pulsars to an accuracy of 4% and 2-3%, respectively,
by modelling their pulse profiles. Since the maximum rotation that a neutron star can sustain depends on its
mass and structure, fastest spin periods also constrain the neutron star EOS. A different approach has recently
emerged from the discovery of global seismic oscillations (GSOs) in the tens of Hz to kHz range from magnetars
during the rare and extremely luminous giant flares emitted by these sources. The lower frequency GSOs likely
arise from torsional shear oscillations of the crust and their frequency, in combination with the magnetic field
inferred from the magnetar spin-down, tightly constrains the EOS. LOFT will detect and study GSOs for the
first time in intermediate flares, which are tens of times more frequent than giant ones, down to amplitudes of
an order of magnitude lower than observed up to now.
About 40 compact objects accreting matter in binaries are now known to display variability arising in, and
occurring at the millisecond dynamical timescale of their inner accretion flows. Black holes and neutron stars
show Quasi-Periodic Oscillations (QPOs) of up to 450 and 1250 Hz, respectively. These QPOs require an
explanation that involves the fundamental frequencies of the motion of matter in the inner, strong-field gravity-
dominated disk regions. Very high signal-to-noise LOFT/LAD measurements of the QPOs will unambiguously
discriminate between such interpretations and in the process probe yet untested general relativistic effects, such
as strong-field periastron precession, the presence of an innermost stable orbit and frame dragging. LOFT will
allow to measure dynamical timescale phenomena within their coherence time for the first time, where so far
only statistical averages of signals were accessible. It will also allow direct measurements of the black hole mass
and spin through timing measurements, to compare with other estimates such as mass from optical studies or
spin from the thermal X-ray continuum or the Fe K-line profile. With the spectral and timing capabilities of
LOFT it will be possible to measure the compact object’s mass and spin, the disk inclination and to study the
massive black holes in active galactic nuclei (AGN) with unprecedented accuracy by analyzing the pulse profiles
and variability of their Fe K-lines.
In addition, LOFT will be a powerful tool to study the X-ray variability and spectra of a wide range of
known objects, from accreting pulsars and bursters, to magnetar candidates (Anomalous X-ray Pulsars and Soft
Gamma Repeaters), cataclysmic variables, bright AGNs, X-ray transients and the early afterglows of Gamma
Ray Bursts. Through these studies it will be possible to address a variety of problems in the physics of these
objects. Coordinated optical/NIR and radio campaigns on specific themes, as well as spin measurements which
can aid the Advanced Virgo/LIGO searches for gravitational wave signals from fast rotating neutron stars will
add great value to the LOFT program.
1.2 LOFT spacecraft
The Large Observatory For X-ray Timing (LOFT)1 achieves an effective area of > 10m2 in the 2-30 keV range,
yet still fits a conventional platform of a small/medium-class launcher (i.e. the ESA Soyuz launcher). The two
main instruments are the Large Area Detector (LAD)2 and the Wide Field Monitor (WFM).3 The nominal
LOFT mission duration is 4 years. The satellite will be launched into a low equatorial orbit (LEO) with an
altitude of ∼ 600km and an inclination of < 5◦. Contact to the spacecraft will be performed each orbit by
two dedicated ground station at low latitude. Figure 1 shows an overview over the LOFT spacecraft with its
individual components labeled.
The key to the large increase in effective area in the LAD (> 10× area over previous missions) by LOFT resides
in the synergy between technologies imported from other fields of scientific research, both ground and space-
based. The crucial characteristic of the LAD is a mass per unit surface in the range of ∼ 30 kgm−2, enabling an
∼18m2 geometric area payload at reasonable weight. This is achieved by the use of sensitive but light large-area
